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(71) Wc, Allor CoRPORAnoN, a Cor- 
pocatica organized and w'grfng under the laws 
of tbe Start of Massadmseos^ United States 
of America, of The Gary Bmldiag, 4, Maple 
Street, QiHucy, Massacfausects 02169, United 
States of America, do hcneb7 dedare the in- 
ventioa, for which we pray that a Patent may 
be granted to us, and the jnethod by which it 
is to be perfonned, co be partLadarly described 
in and by the following statemaDt:-^ 

The present invention relates m colloidal 
compositions, and in a i««ferred embodiment 
to soch oompositi(»is which have been 
ir radiated ; and mediods oi preparing the same. 
These compositions are parriaSarly directed to 
killing baccaia and viruses and healing irtita- 
ti<m; "irradiation*' being used to mean ex- 
dting or charging by ultraviolet, gamma rays, 
particles, neutrons, protons, 
deatctons and the like, but not Iwig wave- 
length ctoromagnctic waves; the irradiated 
gutoanc es and compounds of the invention, 
however, having no deteccaiUe xeddual radio- 
activity. 

While the art is rq)Iete with baoeriddes and 
disease-curing compounds of a wide variety of 
^pes, they all have Ihmtatioas and disadvan- 
tages that restrict their safe or ^cadous 
usage. As m illustration, m-cresol bactcridde, . 
widdy used in hosjntals and the like for dean - 
looms and to prevent contamination, requires 
8 sitfBdendy strong concentration to be effec- 
cvc that it becomes irritating to die akin. 
RathCT large doses of X-ray and odier radia- 
Hon lave also been emj^oyed for bacteria and 
vmis-kdlmg and cancer and other disease- 
tceatment or -curing purposes; but again such 
trcattncnt is attendant upon disadvantages, m- 
dodmg high radiation damage. 

Kn^7it??^>, y Application, Serial 
No. 749,141, underlying the present invention, 
m a prefmed embodiment thocof, in sum- 
niary, is die discovery tiiat a smaU concentra- 
tion, but above a second tower limit, of 



irradiated colloidal particulate heavy metals 45 
appropriatdy combined m a suitable carrier, 
can accomplish remarioble bacieriddaL 
imtatLan-disjwpaHng and similar curative func- 
tions m sudi low concentrations as to itself be 
naa^tttin& and, unlike X-iays, free of 50 
ra^oacuvity and odicrwise harmless to dssue 
and the like. 

An object of the invention, aocordmgly, is 
to provide a new and improved irradiated com- 
poation and method or process of preparmg 
and usmg die same that ahaU attain thcaboro 
and c^er advantages. 

Odier objects are to pirovide novel noble 
l^vy and tran^tion metal chelates of bactcri- 
adal and medicinal efficacy. 

Other and further objeos will be herem- 
afier set forth. 

The mvcntion will now be described with 
refaence to the accompanying drawmg, Fig. 
1 <rf which is an experimenially obtained 
graph illustrating die critical concentzaifon dis- 
covery underiying the prefened form of the 
mvention; and 

f^g- J « a smular graph showing die relative 
Km ^<acy upon staphylocoana 
eschmchea colt and h, suhUlu of a number 
of heavy and transition metals exhibiting the 
phenomenon underiying such discovery. - 

That discovery indudes the finding that at 
very small concentrations, but above a second 
lower limit, colloidal paniculate heavy and 
transition metals, such as the noble metals 
^;*^^f ^ f "^'3 Ru, Cu, Cd, Re, Ti, 2r, 
Mo, Os, t, Tb, Pr, Ce, Th, Pa, U, Hf, 

!i o ^ (and to rather mmor extents Fe 
and Co) all hereinafter gcnerically referred 
to as die heavy and transition metals, die bulk 
of the metal present bciing in die fonn of 
coUoidal parndes in major proportion from 
, ^t.^ cm m sire, can produce the novd 
readts before su mm a ri ze d ; while lesser or im- 
mediatdy greater concemrations do not func- 
non to achieve such results. As bcfoie stated, 
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nltra-violety and dectramagnedc m&^6oa 
generators^ for example of gamma and X-rays, 
have becQ found to be ^ecdve xadioacdvatDzs 
or inadiati»sfor the putpc^es of die mvendcmi 
5 irtnledectromagneticzadktiQnol kmgierwave- 
kngth tiuan ukravidec xays was sot found to 
. be effective. 

Example I 
A colloidal sOvec suspensioa m a non- 
10 teacdve water cazrier solutiofl, m which the 
particulate ^ver ooocentratxon is about IJ 
X 10^ grams per cubic oendmetce (or about 
0.15% by weight) and the silver is irradiated 
as by a source of gamma latSatioa, has been 
15 £>und to provide lemaiicable bactericidal pro* 
perties d^ute die mii^iscule piopordon of the 
silver. 

ECAMFLE n 
A suspension is pr ep ar e d as described in 
Example I and die silver is irradiated by 

20 X-iay radiation instead of by a source of 
ggfWTnfl ladiadon. 

Referring to Figure I, the speed of readiioix 
on staphylococcus aureus bacteria is fkaxcd 
along liie ordinate in unfes of colonies de- 

25 stzoyed per minute, as a fimcdon of omoentra- 
tion oi the alver ion, pbcted in umts of 10^ 
grams per cubic CRnrimerre along the abscissa. 
From these experimentally obtmned data» it is 
evident that the befm-menticKied 

^ tion <ji about IJ x 10~~* gnuns per cubic 
oendmette is a ctidcal and highly unexpectei 
optinznm conoentration> lower CQDoenuaxions^ 
such as one-^thixd the same^ bdng inefficacious 
as are higher oonceotraiSoas, such as twice as 

35 much or greater. This critical concentraiian- 
desmicdon efficacy^ moreover, was found to 
comcide, also, with what mig^t be teimed.the 
measured optimum ionization constant (which 
mvolves the amount of &eely conchxctxve silver 

40 km and ihe marmimi chanical acrivi^ or 
optiimnm oonductiviiy in a distilled water solu- 

using the standard Frost litde Plate 
method, a method of inspecting agonies of 



hacrrria with a phase mioposcope and thereby 45 
obserring fareaUown of odD wall^ a 50% tSi 
of staphylococcus attteus was obtained with the 
above sdudonia about 4 minntes; and a 95% 
kOI, in about 6 mimites. 

As sdll another illustration with a different 50 
bacterium, said solution poduoed a 50% kill 
of staphylococcus dbus m 7 minutes; and a 
95% kill in about 9 minutes. 

It is to be ohserved, moreover, diat this 
mmiscule colloidal paniculate iiradiasBd silver 55 
concentradon is endrety harmless and non- 
Irritatzng to die skin and free of tadioacdvi^; 
and yet is comparable in its bactericidal pro- 
perdes to, for example, the widely used 
m-cresol, which, to the oontrazy, must be used 60 
in such strong concentradon to be effective, 
that it is deddediy irritating to the user, and, 
indeed, precautions must be taJcen to prevent 
prolonged skin oontaa with the same. 

It has further been found that the iiradia- 65 
tion source, if of gamma rays or the lik^ need 
not exceed substandally 1.3 microairies to 
produce the deshred efficacious producL 



ESCAMPtE in 

A silver dielate, formed with the alkaloids 70 
of the scrychmne family (strychnin^ brudne) 
or with a reseipine alkaloid in a non-toxic^ 
non-reacdve carrier solution have also been 
found most effecdve for the above and other 
purposes. At least part of the silver, in sudi 75 
concentradon, remains dissociated from the 
cfaelatB in colloidal, particulate form, which is 
believed to be the reason for its efficacy. The 
substandal maintenance of the particulate un- 
clustered form is ^im of importance. Spedfi- 80 
cally, a chehte of silver and stiydmini^ brudne 
and reserpine alkaloids, (the metal chelate ion 
being present in about die same bef(Ke-men- 
don^ concentradon of U x 10^ grams 
per cubic centimetre) comlnncd m a water 85 
carrier was found to produce a slighdy higher 
speed of kill as fdlows: 



Stapl^heoccus Aureus 



Siaphyhcoccus AJbus 



50% kin 
95%kiD 



3.5 mm 
5.5 min 



6.2min 
8.4 min 



ElL\MPLE IV 

90 As still a further illustradon, with the last- 
mendoned chelate present in a concentration of 
about 140 parts per million in an inert, non- 
reactive com starch-water emulsion, similar 
bacteriddal effects have been observed. In this 

95 chelate compound, the propordons of the 
atrycfanine and brudne alkaloids were about 



equal and about twice that of the reserpine 
alkaloid. In addidon, the effecdve dearing tip 
of acne and psoriasis has also been observed 
with this compound. Further, ^dn irritadotis 100 
(effected by needle stroking without leaving 
dme for healing) that have been observed 
normally to devdop skin cancer tumours 
(sarcoma) on guinea pigs, when periodically 
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cmcred by this oompoimd (and de^te oon- 
tinued needle stroking), f rog ress i vdy healed 
sufficiently diat all indicia of die saroMDa dis- 
appeared. Odier oonsisceDC healing effects have 
bem observed. 

Additional non-toxic systemic and topical 
caniezSy non-reactive with Ae said cridcal con- 
centration of racfio-acdvated ooUddal heavy 
metal bdng toed ^c. the silver, copper, gold 
or ihcnium or otiicr similar heavy or transi- 
tion-type metal before listed, for example), 
have also been thus successfully empbyed, m- 
duding edianol, deoanired with bradne; inert 



mineral oO; and an emulaiaa doived fxom 
borax and m aqueous aohnEon. 15 

An experimentally deteanined comparison 
between the partiailaie silver obtained from 
the alver chdLate water soludon (ultzavioleE- 
irradiated and in the approximatdy I J x 
grams per cubic centimetre concencratioa) and 20 
a 6% soludon of prescndy widdy \iscd hcxa- 
dilorophcnc, showed the marked bacteiiddal 
niperiority of the Gomposition of the inven- 
tion for several gram n^;ative and positive 
bacteria, as follows: 25 



Hexadilorophene 



Silver dielate 
of invention 



Bactetmm 



after 

5 minutes 



Maximum kill 



%kiU 
after 



Sufhylococcus Aureus 


50% 


84%— 48hr 


92% 


100%— 8miB 


Staphyloccoau Albta 


57% 


«3%— IShr 


79% 


100%— lOmin 


BtcheriddaCoK 


58% 


100%— 6hr 


88% 


100%— lOmin 


P. Aengnioia 


70% 


100%— 25 fflin 


85% 


100%— 8 nun 


Ccmdida Albieans 


49% 


94%-48Iir 


80% 


100%— 30inm 


NtitseHaCatarrhaMs 


53% 


100%-5 ht 


90% 


100%— lOmin 



SO 



50 



The findy divided colloidal particles in the 
substances and compounds of the invendon 
have been found to have a large number (m 
te, Sn some measurements, 50% or more) 
of separate partides of size range between 
rob stamian y 10^ and ItT* cm. (in some 
Bmsarcnmts tiie average size bemg in diis 
npge), which are believed tn be hnportant for 
the ceO penetration or other effects herein 
mvDived. Similady dimensioned ^vcr particles 
alone, not derived from didate^ but irradiated 
with X-iays (jgamma),.a8 before dooibed, have 
ako been found to produce substantial bacteri- 
adal and ^alin^ effects; to wit, sudi orradiated 
oolloulal auver m water solution m the above- 
mentioned conoentradon produced a 93% kill 
^^^Bp^oeoecus awreta in five minute^ and a 
ki^^ stapJtylococcus albus in the same 
poiod with ltX)% kill in about ten minutes. 
TOs fa as compared widi only relatively slight 
lalb for the same silver colloidal parrides> non- 
uadiated — which, though of some use in 
wtam applications, are not nearly as 
™acK)us as the irradiated partides. 

Smi laily, each of, for example, irradiated 
copper, gold, platinum, iridium, manganese, 
«id ihenium colloidal particles of the same 
«2e range, have been proven effective as 



bacteriddes, producing kills of the same above- 
hsted bacteria. Theoretically this would appear 
to apply to all heavy and trBnsition-m)e 
metals, so prepared, dioug}i the cflkacy will 
vary with the demenL Substantially the same 
approximatdy 1.5 x 10"^ grams per cubic 
centimetre low-concentration optimum constant 
of the saver partides, for example, was found 
to exist for gold, rhenium and copper colloidal 
pOTdes, with gold bdng mudi more 
cfficaaous in time of kil^ as indicated in Fig. 
2. In the tests shown in Fig. 2, moreover! 
rhemum proved more cfficadous dian silver, 
and copper showed a remarkable efficacy for 
greater concentrations beyond the low-concen- 
muon optimum. Odier tested iiradiatcd metals 
that also show this same substantially 1.5 x 
10-^ grams/c.c. constant mdudc die before- 
^t^li* Zr, Mo, Mn, Rn, Rh, Pd. Os, Ir, 

Sd Hg ' ^ ^ ™' ^' ^ ^ 

Other ultraviolet - irradiated morganic 
didate compounds ^uding sunlight- 
irradiated) witii particulate heavy and transi- 
tion metal ions found to be baoeriddai ui 
water solution of the above-mentionei con- 
oentration are alkaloidal solutions (cont^acF 
bruone, sttydmmc and colchirane alkaloids) 
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having trace m^^< of o^per and t haPnnn . 
These proved to be effective against each of 
eschericMa coti^ staphylococcus aurem and 
haeSlus subdlis. 
5 Among the healing effects, beforesmen- 
tioned, is the unbeiievably rapid reduction in 
bum histaminc-^e pain response, erythema 
and redness, and absence of blister, all ^ected 
with boQ on and water suspensions of eadi, 
10 fw example, of the sthner, gold, copper and, to 
a lesser extent, diemum colloidal particulate 
metals before tested as baccedddes. 

WMle an imrention may be defined in terms 
of the process, products, and results, it some- 
15 times m^y cn mdecstanding to theorize as to 
the possible operation; thou^ it is distinctly 
to be tmdennxxi that the present invention ^ 
not dependent upoa theories, whether accurate 
or inaccurate. It appears likely, lK>wever, that 
20 the apparetsdy universal nature oi the bacteri- 
cidal substances of the invention (no bacteria 
yet tried has not been rapidly killed) m^ re- 
side in the supplying of appropriately small, 
undustered and ircc heavy meml ions (fvob- 
25 ably freed by the ifxadiation or otherwise 
amilarly electrically charged to prevent 
dostering) thai; by induced electron exdiange, 
effect a diange (probably a reduction), either 
catalyticaDy or by <^^tgat combination, in 
30 the intxacellular oo^gen and peroxides 
generated at or in the vidniiy of tiie celL In 
the case of pathc^enic organisms, this appears 
to debilitsie and destroy &e same. 
Evidence of further tmiversality has been 
35 obtained in the ^cacy (tf, for exaznple, the 
stiver compounds of the invention, against virus 
such as cow-pox and cold virus. 

Concurrentiy, in the case of animal and 
hnman cdls, dus phenomenon also uppesxs to 
40 control the metabolic rate dirough the oxygen 
and peroxide control or anti-ozidant activity or 
tiie Uke, possibly leplaring such metal ions at 
the gg^ls tiiat may have been ciiemically com- 
bined or consumed by disease, radiation^ or 
45 other damage (or, in the case of prevemicHi^ 
that may si&e^ently be consumed, combined 
or rendered ineff ective). It is an observaUe 
fac^ however, that a type of heating and 
unusually rapid outward growth of li^t pink 
50 tissue occurs, void of the tisual scabbing and 
inward slow-healing provided by nature, in 
diseased, cut and danmged tissue treated with 
the substances of the invention. It would appear 
that tiie substances of the invention, t^either 
55 cacccmally or systemically allied, act within 
the eozymic system to improve cellular 
eflteiency ht^iin^ Differentiation in action 
i^n strong and weak or diseased cells has 
beoi observed in tiie before-mentioned ptcr 
60 liminary cancer studies; it bdng plausible that 
cither replacement of unsiibstituted carbon in 
benzene ring diains diat are cardiogenic in 
the absence of sudi substitution, by the readily 
active freed or free-radical heavy metal ions in 
65 the compounds of tiie inventicm, or reconstitut- 



ing of the metabolic oxygen-omtzcrf or similar 
process (or both), is an e^lanation for the 
observed phenomena. (See, for examine, 
''Chemical Basis of Carcinogenic Activity, 
G, AL Badger, 1962, p. 23). ^ 70 

Apart from the noble metals, an interesting 
observation appears to be, moreover, tiiat the 
transition metals above-listed can have a co^ 
ordination or valence number 4, capable of 
electron transitions or resonances between the 75 
second and third deccron cnrbits. Tliis may 
acooimt for the apparentiy imiversal IS x 10^ 
constant previously discussed — the bacteria, 
all bdng of substantially the same range of 
dimensions, perhaps being dectromftchanically 80 
destroyed by such oscillations. 

Tli^ compounds of the present invention, 
moreover, have been preliininarily found to 
assist rather startiingiy in tiie slowing or in- 
hibiting of certain processes assodated witii 85 
ageing; spedfically, the continual application 
on a daily basis of an (h1 dispersion ik particu- 
late irradiated silver in the said optimum con- 
centration, as before discussed, has been found 
to prevent comffication of iJie skin in cases^ of 90 
ichthyosis wherein a rapid locaHzed ageing 
takes place as a result of the rapid cellular 
death rate involved in comification of the 
skin. ^ 

Another dement generally assodated with 95 
the ageing process is tiie devdopment of 
wrinkles accompanying the breakdown of the 
coimecrive tissue layers of the sidn, with result- 
ing loss of dastidty. Such breakdown has 
been observed to become halted throng 100 
similar application of the said compounds of 
die invention. 

And, still another example of a furtiier 
dement assodated with the ageing process 
that has been found to become obviated 105 
tiiroug^ the application of the firstHiamed 
water solution of tlie irradiated particulate 
silver (In die said optimum concentration), is 
non-infective seborrhea of the scalp involving 
an accdezation of odlular death rate. The use 110 
of sudi water solution has been found to resuk 
m the marked decrease in the index of cebrxal 
activity. 

While, moreover, the optimum concentration 
effect shown in the drawing is obviously highly 115 
desirable from considerations of economy and 
possible toxid^, it does prevent cratinued 
efficacy upon substantial dilution of the solu- 
tion. For sudi purposes and others, accord- 
ingly, tlie solutions may be substantially more 120 
concentrated or saturated, as shown to the far 
right in Fig. 2 (and b^nd), though the 
bacteriddal and h^ing effects do not, except 
in the case of the particular copper tests in- 
dicated, appear to exceed those obtainable with 125 
the mmimal optimum concentration (and in 
many cases, do not reach the same peak of 
performance). To permit such dilution to the 
order of 1/100, without dropping the efficacy 
more tiian about 12%, a practical use oonocn- 130 
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txation of die heavy ot tranation metal too- 
tbcAaXR may seemingly be &om lOu-15% (by 
wdght^ for a usefdl axuncicial or economic 
( dimfnishfog marginal return) xaoge. 

5 In the case ci inadiated diektes, xhert 
appear to be Insrances where tiiie meial does 
not snffidendy dissociate tfi eiefixm i to coatrol 
the above effects as the colloidal pardcdated 
fme metal, and where efiGicacy increases with 

10 ooDceniraiioa on a substantially continual basts> 
Chelates in which the metal ion is of coordina- 
tion number 1 seem to fall within this cate- 
gory. For^ example, chelates of metcurous, 
aq>rous»^ sOvcr and aurous compounds have 

15 shown highly increased bacmiiddal kill effects 
(against staphyloeoeaa aureus, e, cdi and 6. 
nAtUts) with about a 4% concentration, In- 
doded m these irradiated dielates (which do 
not appear to produce these results in the 

20 ab s ence of irradiation) are tetraammine Cu II, 
bia-ethylenedianune Au n, hcxacyanomangan- 
ate and hexacblororheaiate, all of vrfxich have 
e x o ril m t bactericidal properties at this 4% 
concentration and above, 

25 WHAT WE CLAIM IS: — 

1. &ctericidal compositions comprising, as 
active ingredient, at lost <Hie rm^x^ di^>ersed 
m a carrier solution n<m-reacrive to the metal, 
the bulk of the metal present being of sub- 

SO stontially colloidal parricie size, and m which 
said mecals are selected from Ft, Pd, Rh, Cu, 
Ru, Os, Tb, Pr, Ce, Th, Pa, U. Hf , W, V, 
Re, Zn, Cd, Hg, Au, A& and the coUoidal 
pamdes are in major proportion from KT^ 

35 to 10~* cm. in size. 

2. A composition as daimed in Qaim 1 and 
in vriuch the said particles have been pre* 
vioosly irradiated. 

3. A composition as daimed in rHnim \ 
40 and m which the panides are substantially un- 

dustered in the said pardculaie form. 

4. A composition as daimed in Qaim 3 and 
in which tte panides are maintained in dieir 
imdustered condition fay virme of beaig dec- 

45 tricallv charged. 

5* A ounposition as ^<Hm<*^ Qaim 1 and 
in which wt metal conoentraticm is substan- 
tially 1.5 X lOy* grams per cubic ccnt!imetrc 

6. A oomposLtion as daimed m Claims 2 and 
50 5 cmnpriang silver in colloidal partidate form. 

7. ^ A process for controUing tiie growth and 
proMfexation of bacteria in livfing cells and 
tissue other than of humans, which comprises 
ajpt^ying to a site in or on living cells or 

55 tissue and mf ested, or susceptible to infesta- 
tion, with baactda at least one composition 
as ddmed hi Qaim 1. 

8. A process as daimed in Qaim 7 and 
itt w hidi the partides have been mflmtatW/-( 

60 pnchistered in Ac said colloidal form by 
inadlation, whereby the cnmpositioa is as 
daimed in Qaim 2. 

9- A process as daimrd in Qaim 7 and in 
which dc said applying step is periodically 

65 repeated until at least one of bacteria- and 



vuus-ifflling, irritation- and disease-dissipation, 
healuig, andinhil^ of ageing, occurs. 

10. A process for controlling the growth 
and prohferation of bacteria in Uving cdU and 
hssue otiier than (rf humans, which composes 70 
applying to a site In or on Utnng ceOs and tissue 
^ infested, or susceptible tn inf estotion, widi 
tjctena at least one oonmosition as dauned in 
Claims 2 and 5. m 

t^h <»nipoation as daimed in either 75 
of Oamis 1 or 6 and an which the metal or 
metals are i»csent in a chelate fbnned widi 
at least one alkaloid of the snydmine family 
or a rcserpine alkaloid which is in pan dis- 
soaated into the metal or morals and die 80 
chelatmg compounds. 

12. A composition as daimed in Qaim 1 or 
Claun 6 wherein the metal or metals are pre- 
sent m a didate formed with at least one 
biucme alkaloid. 35 

13. A compoation as daimed in Claim 11 
and in which said carrier is one suitable for 
topical aj^cation. 

14. A composition as daimed m Qaim 11 
and m whtdi said carrier is one suitable for 90 
systemic admmistration. 

15. A process for preparing a bacteriddal 
composition comprising, as active ingredient 
at tost one mctel sdected ftx>m Pt, Pd, Rl^ 

V, Ke, Zn, Cd, Hg, Au, or Ag su^ded in 
^^^^ non-reactive to the metal, 
^bulk of die metal present bdng in the 
form of^Uoidal parodes Sn major proportion 
from 10^ to l(r* cm m size; which com- 100 
pnses suspending tiie coUoidal particulate 
metal m a carrier non-reactive to the metaL 
adjusung the ooncenttation of said metal tt> 
substai^y IJ X 10- grams per^k 
coiumetre, and irra<Eating the suspended metal 105 
80 as to produce a composition as claimed in 
Qaims 2 and 5. 

16. A process as daimed in Claim 15 and in 
which said irradiating step is carried out by 
gamma-ray or X-ray racfiation, the iixadiation no 
source bdng at about 13 microcuries. 

17. A process as daimed in Qaim 15 in 
which the composition produced is as daimed 
in Qaim 12. 

18. An irradiated chdate of a metal sdected 115 
from Pt, Pd, Rh, Cu, Ru, Os, Ir, Tb, Pr, Ce, 

p. Pa, U, Hf, W, V, Zn, Cd, Hfe' aS 
Ag in aqueous solution in wWch the concen- 
tration of metal chelate ion is sdected from 
values of substantiaUy 1.5 x 10^ grams per 120 
cubic centimetre and the range of from 8.3% 
to 15%, based on liic total wci^ of the 
8(^ution; ^ch solution contains colloidal par- 
ades, in major proportion from 10^ to IQ-* 
cm dn size. • 

19. Bacteriddal compositions comprising, as 
active ingredient, at least one irradiated parti- 
culate heavy metal sdected from die group 
consisting of Hg, Au,^and Cu, in which metal 

the average partide size is in the range of -from 130 
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10-« to an, and in which composition 
die paitide oonoentradon is selected from 
vflhies of substantially IJ x l(t^ gxams per 
cubic cencinietre and the range of £rom sub- 
stantially 83% to 15% by waght 

20. Compositions as claimed in Ciaim 2 
con^nsing, as active ingredienCi at least one 
metal as claimed in Qaim 19. 

21. An irradiated paniculate as claimed in 
Qaim 19 and in wfudi the parades axe 
ooHoidally suspended in a carrier ncHi-reactive 
idth the metal. 



22. Gompositi(Kxs as claimed in Qaim 18 
comprising, as acdve iopediea^ at least one 
metal as-defined^ in Qaui 18 combined m a 
non-reactive earner. 
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